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PREFACE 
One of the main objectives of undertaking the present study was to glean 
some useful and interesting information about the dynamics of multiparticle 
production in relativistic nuclear collisions. For this, some important aspects 
of nuclear interactions, such as integral frequency, multiplicity, and pseudo-
rapidity distributions and tendency of clusterization amongst the relativistic 
charged particles , etc., are studied. Experimental values of some useful 
parameters relating to the collisions are compared with their corresponding 
values predicted by various models on nucleus-nucleus collisions at high en-
ergies. A brief introduction to some interesting aspects of relativistic nuclear 
collisions is given in Chapter I. The heavy-ion facilities available currently 
world wide are also presented in the same chapter. 
A stack of ILFORD G5 emulsion, exposed to the beam of 3.7A GeV/c 
Oxygen nuclei, was used. Furthermore, for examining the dependence of 
various characteristics of relativistic nucleus-nucleus collisions on the mass 
and energy of the projectile, data on 4.5A GeV/c and 14.5 A GeV/c ^^Si-
nucleus collisions and 4.5A GeV/c ^^C-nucleus interactions, available in our 
laboratory, are also critically analysed. The details regarding the criteria for 
selecting events, scanning procedure, classification of tracks and the methods 
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of various measurements, etc., are described in Chapter II. 
Multiplicity distributions and correlations amongst various types of sec-
ondaries and their dependence on the mass and energy of the projectile are 
discussed in Chapter III. 
Correlated particle production in relativistic nuclear collisions are inves-
tigated in terms of rapidity, dispersion of rapidity and rapidity gap distribu-
tions. Various interesting features of clusters, for example, cluster size and 
its dependence on the target mass and multiplicity of relativistic charged 
particles, Uj, are thoroughly investigated and the results of the study are 
presented in Chapter IV. Finally, summary and conclusions, based on the 
results of the present study, are presented in Chapter V. 
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CHAPTER I 
Introduction 
During the last decade study of the formation and signatures of quark-gluoii 
plasma (QGP) has turned out to be very exciting and promising field of 
research due to the possibility of unveiling the conditions prevailing in the 
early Universe, just after the Big Bang. The collisions between heavier nuclei 
at relativistic energies are envisaged to produce the superdense and hottest 
form of nuclear matter in the laboratory. Hence, an ultimate aim of studying 
these collisions is to create the conditions under which the hadronic matter 
may undergo chiral symmetry restoring phase transition from nuclear matter 
to quark-gluon plasma; the degrees of freedom of the new de-confined state 
of matter are the constituents of hadrons, that is, quarks and gluons. 
QGP is believed to have existed in the early Universe[l], just before few mi-
croseconds after the Big Bang; it is also believed to exist in the core of the 
neutron stars[2]. However, these two sources are obviously out of reach, so 
the collisions of heavy-nuclei at relativistic energies remain the only possibil-
ity to search for the formation [3-6] of quark-gluon plasma. 
A systematic study of the relativistic nuclear collisions became possible with 
the availability of heavy-ion beams at the AGS, Brookhaven National Labo-
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ratory, USA and SPS, CERN, Geneva since 1986. Recently, a giant collider, 
Relativistic Heavy-Ion Collider(RHIC) was constructed, which started func-
tioning from 2000. Currently, European high energy physicists are engaged 
in the construction of the Large Hadron Collider(LHC) at CERN, which is 
likely to become operational in 2006. Details regarding the heavy-ion ac-
celerators, which have made our journey to hidden world of particle physics 
possible, are presented in Table 1.1. 
Tablel. l 
Heavy-ion accelerators. 
Machine 
AGS 
SPS 
AGS 
SPS 
SPS 
RHIC 
LHC 
Location 
BNL, USA 
CERN, Geneva 
BNL, USA 
CERN, Geneva 
CERN, Geneva 
BNL, USA 
CERN, Geneva 
Projectile 
beam 
28gi 
32g 
'^'Au 
208pb 
208pb 
9^^ Au 
208p^ 
Energy/nucleon 
GeV 
14.5 
200 
11.5 
160 
158 
100 
2700 
Commencement 
year 
1986 
1986 
1992 
1994 
1996 
2000 
2006 
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The preliminary results from RHIC are very encouraging regarding tlie pro-
duction of QGP. 
The LHC physics programme will be the only facility in the near future to 
probe and address the existing fundamental puzzles and mysteries in Particle 
Physics, namely, search for the Standard Model Higgs bosons upto the whole 
possible mass range of about a few TeV, search for the Higgs bosons in the 
minimal supersymmetric model MSSM, SUSY particles, new massive vector 
bosons, the origin of spontaneous symmetry breaking( SSB ), possibility of 
more fundamental constituents of matter and search for the more conclusive 
signatures of QGP formation in ultra-relativistic heavy-ion collisions. 
1.1. Why do we need heavy-ion beams and high energy? 
As stated earlier, one of the main objectives of studying relativistic heavy-ion 
collisions is to investigate the properties of the densest and hottest form of 
matter. In particular, one expects to recreate the conditions under which 
a chiral symmetry restoring phase transition from hadronic matter to QGP 
might take place. The collisions of heavier nuclei at relativistic energies are 
visualized to provide an opportunity to study the properties of the highly 
excited hadronic matter under extreme conditions of energy density and 
temperature[7-ll]. For example, heavy-ion collisions at RHIC and LHC en-
1 
ergies are envisaged to result in the de-confinement of quarks and gluons, of 
course, for a very short duration. A study of the "fingerprints" of the forma-
tion of such a state will ultimately allow one to unveil and solve the mysteries 
surrounding the unusual and interesting state of matter called quark-gluon 
plasma. 
1.2 Physics motivation 
It may be of particular interest to emphasize that current theories do not 
predict precisely as to how large would be the cross-section for the QGP 
formation. Even if at all, the conditions for the QGP formation are achieved 
in relativistic nuclear collisions, all the collisions would not produce QGP. 
Therefore, in order to search for the unambiguous evidence of QGP forma-
tion, a deep and clear understanding of the background is also required so 
that information about the QGP signals may be disentangled unambiguously. 
Thus, the process involved in the hadronization in nuclear environment needs 
to be carefully investigated [12]. Results based on the data on A-A collisions 
involving the ion beams from the accelerators located at DUBNA, BNL and 
CERN do not provide conclusive evidence regarding the formation of QGP. 
However, physicists have extensively and critically analyzed these data in 
order to have a clear understanding of the collision dynamics. A number of 
models have been proposed and suitable changes in the existing models on 
h-h and h-A collisions have been incorporated for explaining the dynamics 
of multiparticle production in relativistic nuclear collisions[12-17]. 
In case, secondary particles are produced instantaneously in a h-h interaction 
inside a imcleus, the produced particles have a fair chance of re-interacting 
with the nuclear medium. However, on the other hand, if the formation 
time is relatively longer than the nuclear distances, the energy carried by 
the incident hadron will continue as a unit while passing through the target 
nucleus[12]. These two concepts predict quite different values for tlie mul-
tiplicities of the produced particles. Furthermore, it may be stressed that 
the fluctuations in the number of participating nucleons and involvement of 
complex geometry in nuclear collisions, may result in random emission and 
cluster formation. It may also be mentioned that according to the Wigner-
Dyson type of Random Matrix Theory[18], random emission of particles will 
dorninate[19], particularly in the central part of the rapidity space and the 
correlation effects due to some sub-processes might be suppressed. 
A detailed study of the various aspects of multiplicity of relativistic charged 
particles produced in nuclear collisions at different incident energies, for in-
stance, mean multiplicity, multiplicity distribution and its dispersion, their 
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dependence on the projectile energy and masses of the target and projectile 
nuclei, etc., would allow one to draw some definite and interesting conclu-
sions regarding the mechanism of particle production in such collisions. 
Collisions at relativistic energies involving nuclear targets are likely to pro-
vide, in particular, an opportunity to investigate the space-time development 
of the formation of secondary particles; the target nuclei serve as a detector 
of the products of the reactions. There is, however, a time lag between the in-
teraction and the final emission of hadrons. Due to time dilation, this time is 
long enough in the laboratory frame for the faster secondary particles which 
suffer almost no scattering in the nucleus. This time is, however, compar-
atively short for the slower particles. These particles may hadronize within 
the target nucleus and have a chance of re-interacting with the surrounding 
nuclear matter producing a cascade of particles[20]. Thus, a knowledge of 
the cascade interactions, which play a vital role, particularly in the region 
characterized by small rapidity values, referred to as the target fragmentation 
region, will help understand the mechanism of A-A collisions from a different 
angle altogether. 
By examining the various features of the emission characteristics of the 
medium (0.3 <P< 0.7) and low (/3 < 0.3) energy particles, some very useful 
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and interesting information about the cascading process may be extracted. 
Therefore, for having a clear understanding of the processes involved in 
nucleus-nucleus interactions at relativistic energies, emission characteristics 
of secondary particles producing black, grey and shower tracks are required 
to be investigated systematically and thoroughly. For instance, features of 
multiplicity and angular distributions and their dispersions and intercorre-
lations amongst them and their dependence on the beam energy may be 
studied in detail. 
In the present study, an attempt is made to investigate various emission char-
acteristics of 3.7A GeV/c ^^0-nucleus interactions. Details about the stack 
used, scanning procedure, methods of classifying tracks of secondary parti-
cles, criteria used for selecting events and methods of measuring emission 
angles, ionization, etc., are presented in Chapter II. 
Dependences of various aspects of particle production on the target mass 
and the centrality of the collisions are examined by analysing tlie interac-
tions due to CNO and AgBr groups of nuclei. Salient features of emission 
characteristics of secondary particles produced in relativistic nuclear colli-
sions are discussed in Chapter HI. 
The phenomena of correlation amongst relativistic charged particles pro-
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duced in relativistic A-A collisions and clusterization have always been re-
garded as the most interesting aspects of nuclear collisions. By enipkning a 
simple analytical approach, based on the idea that particles emitted from a 
single cluster would lie closer to each other in the rapidity space while those 
coming from two different clusters will be separated by a relatively larger 
rapidity gaps, the phenomenon of clusterization is investigated. It may be of 
interest to remark that the characteristics of clusterization amongst the rel-
ativistic charged particles produced in 3.7A GeV/c '^0-nucleus interactions 
are critically examined. An attempt is also made to determine the cluster 
size and the number of clusters present in an interaction. Furthermore, the 
dependence of these aspects on the target mass and multiplicity of relativistic 
charged particles, n^, has also been looked into. These results are piesented 
in Chapter IV. 
Based on the findings of the present study, summary and conclusi(jns are 
presented in Chapter V. 
1.3 Models of nuclear collisions 
Many models have been proposed to explain the phenomenon of multiparticle 
production in nucleus-nucleus collisions at high energies. Brief descriptions 
about some of these models are given in the following section. 
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1.3.1 Wounded nucleon model 
Phenomenon of multiparticle production in relativistic nuclear collisions can 
be very well explained in terms of the predictions of wounded nucleon niodel[21i 
as this model is regarded as one of the simplest ones. According to this 
model, the number of relativistic charged particles produced in A-A colli-
sions should scale with the mean number of wounded nucleons, W. Also, the 
particle multiplicity in such collisions at a given projectile energy is given by 
n^^ = l/2Wnpp(EE), where npp(EE) denotes the particle multiplicity in a 
p-p collision at an equivalent energy. Again a convenient and simple param-
eter, the multiplicity per participating nucleon, M=nyi4/W, is considered. 
The parameter M is believed to be very useful in comparing the multiplici-
ties observed in the colliding systems of different sizes; M is visualized[22] to 
depend only on the collision dynamics and not on the impact parameter.b. 
On the other hand, W depends on the nuclear radius, density and impact 
parameter. The number of the wounded nucleons in a nuclear collision is 
estimated[21] from: 
W = kj'(JNp/<^PT+ Apai\fT/o'pT= W r + W p 1.1 
19 
wliere apT is the total inelastic hadronic cross-section for the projectile nu-
cleus interacting with the target and ajvp and a^r are the corresponding 
nucleon-nucleus cross-sections, Ap and A^ represent the masses of the pro-
jectile and the target nuclei respectively and W T and Wp are the numbers of 
the wounded nucleons of the target and the projectile nuclei respectively. In 
order to calculate the number of wounded nucleons in a central A-A collision, 
maximum impact parameter, hmaxj is used. Glauber approach[23] is em-
ployed to compute the cross-sections using inelastic hadronic cross-sections 
and nucleon density fluctuations of the target and projectile. The value of 
t>max for the central collisions is determined using the following expression: 
where ^centTai and '^totai are the numbers of the central and total events for 
a given sample of A-A collisions. 
It may be stressed that the cross-section for the excited nucleons due to var-
ious interactions is assumed to be the same as that for the unexcited ones; 
the numbers of the target and projectile interactions may be estimated using 
the following relationships: 
11 
and vp = KPONNIGNP 1.4 
The total number of the interactions caused by the projectile nucleons witli 
the target nucleons may be evaluated from: 
y — WpI^T = \NT^P l o 
It has been reported[22,24,25] that the predictions of the wounded nucleon 
model are quite compatible with the results obtained for the experimental as 
well as the FRITIOF data samples for 200 GeV/c p-Em, 200A GeV/c '"()-
and^'^S-Em interactions and Pb-Pb collisions at 158 GeV per nucleon energy. 
1.3.2 Hydro dynamical model 
Hydrodynamical model[26,27] assumes that the interaction mean-free pat!) 
of a particle is very small in comparison to the size of the system. In the 
hydrodynamical model, the two colliding nuclei are envisaged to be nuclear 
fluid drops which on interaction merge together and form another drop of 
fluid. The properties of the resulting nuclear fluid drops are governed by the 
thermodynamical laws. It may be of interest to remark that this concept of 
the collision is governed by certain primary conditions, such as the collid-
ing nuclei must have a relatively larger number of degrees of freedom, i.e, 
1 2 
collision time must be comparable with the time required for the system to 
reach an equilibrium state. The resulting drop formed by the two fluid-drops, 
corresponding to the target and projectile nuclei, is the main source[27] of 
secondary particle production in the collision. 
1.3.3 Collective tube model 
In the collective tube model[28], each of the colliding nuclei is considered 
to be composed of parallel nuclear tubes lying along the beam direction. 
A collision between two nuclei, is thus envisaged as superposition of many 
tube-tube collisions. The number of such collisions depends on the impact 
parameter and cross-section; approximate value of the cross-section, a. may 
be obtained using 
a = a f 1.6 
where af^ is the inelastic cross-section for p-p interaction. In the center-of-
mass frame, the colliding tubes look like narrow discs due to Lorentz contrac-
tion so that the tube-tube collision may be regarded as particle interaction. 
The squared value of the center-of-mass energy in a tube-tube collision is 
given by: 
1 3 
Si,,ij = 2iii2m p 1.7 
where ii, ia are the numbers of nucleons in the projectile and target tubes 
respectively, p is the momentum per nucleon of the incident nucleus in the 
laboratory frame and m is the nucleon mass. 
11 
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CHAPTER II 
Experimental technique 
For investigating the mechanism of multiparticle production in relativistic 
nuclear collisions, measurements of a number of parameters relating to the 
emission characteristics of secondary particles in such collisions are carried 
out. These include the space localisation of the trajectories of charged parti-
cles, measurements of charges and momenta of the particles, etc. Masses of 
the secondary particles are determined by measuring energy and momentum 
or momentum and velocity of the particles, etc. 
Emission characteristics of particles produced in high energy hadron-
nucleus(h-A) and nucleus-nucleus(A-A) collisions have been extensively stud-
ied using nuclear emulsion technique. As is well known, nuclear emulsions 
may be used as medium as well as detector; their better spatial resolutions 
make them preferable over other visual techniques. It may be stressed that 
nuclear emulsions not only detect charged particles but information about 
their masses, energy, etc., may also be obtained. Additionally, nuclear enml-
sions have great stopping power, which is about 1700 times more than that 
of the standard air[l]. Emulsions also provide 47r angular coverage, which 
is quite useful for examining the general features of nuclear interactions like 
17 
particle multiplicity distribution, cross-section, etc. 
2.1 Composition of nuclear emulsions 
Nuclear emulsions are a heterogeneous medium [2-5] comprising of small crys-
tals of silver-halide, mostly bromide with a small admixture of iodide em-
bedded with gelatine. Gelatine is composed of carbon, nitrogen, oxygen and 
hydrogen together with a glycerine and serves as a suspension matrix in 
which silver halide crystals get embedded. The primary function of gelatine 
is to provide a three dimensional network, which basically serves to locate 
the small crystals and prevents them from migrating during development and 
fixation. Glycerine, which serves as plasticizer, reduces the brittleness of the 
emulsion as well. Water content in the emulsion keeps it moist and prevents 
it from peeling off. 
The composition[6] of the most commonly used nuclear emulsion is 
given in Table 2.1. The chemical composition by mass of the emulsion can 
be summarised as: ~ 1% hydrogen(H), 16% carbon-nitrogen-oxygen(CN()) 
and 83% silver-bromide(AgBr). The average mass numbers, < A >, of the 
different groups of nuclei may be obtained from: < A> = ^ ^ ' , giving the 
values of < A > equal to about 1, 14, 70 and 94 respectively for H, CNO. 
emulsion and AgBr groups of nuclei. 
18 
Table2.1 
Composition of the standard nuclear emulsion 
Elements 
H 
C 
N 
0 
s 
Br 
Ag 
Charge(Z) 
1 
6 
7 
8 
16 
35 
47 
Mass number(A) 
1 
12 
14 
16 
32 
80 
108 
Density 
gm/cm^ 
0.05 
0.28 
0.07 
0.25 
0.01 
1.34 
1.83 
No. of atoms/cm'^ 
(x 10^ )^ 
3.22 
1.39 
0.32 
0.94 
0.01 
1.01 
1.02 
2.1 Track formation 
Measurement of ionization produced in the silver halide crystals by 
charged particles passing through it is one of the most basic measurements 
that are carried out using nuclear enmlsion technique. The rate of energy 
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loss,(-dE/dx), by a charged particle while traversing through a medium is 
given by Bethe-Bloch formula[7]: 
- i = (^fi*^)Mit$))-/3^i 2.1 
where Z and A are respectively the atomic and mass numbers of the target 
atom, ze is the charge of the particle moving with a relative velocity /•^(=v/c), 
c being the speed of light in free space, N denotes the Avogadro's number, 
m is the rest mass of electron and I represents the mean ionization potential 
of the target atoms. 
The energy lost by a charged particle is transferred to the atomic 
electrons. If the energy transferred to the electrons is greater than the ion-
ization potential of the atom, the atom gets ionized, which renders some of 
the halide grains in the errmlsion developable. On immersing it in a reducing 
bath, called developper, they turn into the grains of silver, which appear 
black. The track of a charged particle, thus may appear as a series of black 
grains. 
By investigating the characteristics of a track, ionization produced 
may be determined and information regarding the nature and velocity of the 
particle producing that track can be obtained. Particles moving with higher 
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velocities may ionize weakly and hence the grains formed will be quite rarer. 
Thus, when an incident particle interacts with the constituents of nuclear 
enuilsion, it is called an interaction and the trajectories of the particles pro-
duced in the interaction are termed as the tracks of the secondary particles. 
It may be of particular interest to mention that the tracks in an interaction 
appear to come from a single point called the vertex; a recorded interaction 
in emulsion is referred to as STAR on account of its characteristic appear-
ance. 
2.2 Scanning procedure 
The process of searching an event is called scanning. There are two meth-
ods of scanning interactions: (i) line scanning and (ii) area scanning. In the 
present experiment, line scanning was performed. In this procedure, each 
primary track is followed in a systematic manner from the entrance edge so 
that no interaction is left out. Each beam track was picked up at least 3 
mm from the entrance edge and followed till it interacted or left the pellicle 
from the air or glass surfaces of the emulsion. The line scanning was done 
under 40X objectives and lOX eyepieces on NIKON binocular compound mi-
croscopes. 
2.3 Methods of measurements 
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2.3.1 Ionization measurements 
The ionization caused by a charged particle may be determined using any 
one of the following procedures on the track of the particle: (i) grain density 
method, (ii) blob and gap density method, (iii) delta-ray counting, etc. It 
may, however, be emphasized that all the above methods have certain limi-
tations and none is universally applicable for measuring ionization caused by 
all types of particles. 
(i) Grain density method 
Grain density of a track is defined as the number of developed grains per 
unit length of the track. Knowing the grain density of a track, an important 
parameter, called the specific ionization, g*, which is regarded as a suitable 
parameter for estimating the ionization may be determined using the re-
lation, g*=(g/go), where g is the grain density of any track and go is the 
corresponding quantity of a primary track. It is worthmentioning that this 
method is used for identifying the tracks produced by relatively faster parti-
cles, 
(ii) Blob and gap method 
A charged particle having comparatively smaller velocity will produce 
more ionization, which in turn, implies that the grains would frequently be 
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formed close together and exact counting of the grains becomes quite uncer-
tain. In such a situation, blob and gap method is used for determining the 
ionization produced. This method is based on the observations of O' Ceal-
laigh[7], who observed that the gap-length distribution followed exponential 
behaviour represented by the following expression: 
H(l) = Be(-s'^ 2.2 
where H(l) denotes the density of the gaps having lengths greater than a 
certain length 1 and B represents the blob density. It may be noted that the 
gap length, 1, is chosen in such a manner that the number of blobs is roughly 
four times the number of holes. Hence, by counting the numbers of holes and 
blobs, the value of g is calculated using Eq. 2.2. 
(iii) Delta-ray counting 
When the energy transferred by a charged particle, while travelling through 
nuclear emulsion, to atomic electrons is large enough so that these electrons 
produce secondary ionization, the result is a series of short tracks, branching 
out from the main track. These tracks of lengths greater than a certain min-
imum length are known as delta-rays[8,9]. Generally, the grain configuration 
to be counted as a (5-ray must attain a minimum displacement of 1.58/LI from 
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the axis of the particle track. 
2.4 Identification of tracks 
The secondary tracks produced in the interactions of the incident particles 
with target nuclei are classified [10] as shower, grey and black tracks depend-
ing upon the values of their specific ionization, g*. 
Shower tracks 
These are the tracks produced by weakly ionizing particles having relative 
velocities i3>0.7 or specific ionization g*<1.4. These are the tracks mostly 
produced by charged pions. The total number of such tracks produced in an 
interaction is denoted by Uj, 
Grey tracks 
Grey tracks are produced by charged particles having relative velocities ly-
ing in the interval: 0.3<f5< 0.7. The specific ionization,g*, of the particles 
producing grey tracks lie in the range: l-4<g*<10. Most of the particles 
producing grey tracks are recoiling target protons which carry information 
about intra-nuclear cascading; small numbers of deuterons and tritons may 
also produce grey tracks. The total number of grey tracks in an interaction 
is designated by n^. The sum of the numbers of shower and grey tracks in 
an interaction is known as compound particle multiplicity and their number 
2) 
in a collision is represented by nc=ng+n4,. 
Black tracks 
Black tracks are formed by the target associated particles, mostly emitted 
due to the de-excitation of the excited target nuclei through evaporation. 
The values of the specific ionizations, g*, of these particles are greater than 
10. These are mostly protons but may contain small percentage of multiply 
charged fragments. The numbers of these particles produced in an interac-
tion is represented by n/i=(ng-|-n(,). The total number of charged particles 
produced in an interaction is denoted by nc/i=ng+nb-|-ns = Us+n^. 
2.5 Angular measurements 
For determining the space angle of a track with respect to the primary, its 
projected angle in XY plane and dip angle in YZ plane, were measured di-
rectly. Once the projected angle, ^p, and dip angle, 9^, were known, the space 
angle was determined using: 
6s — cos~^[cos9p * cosOd] 2.3 
However, if the angular separation of the tracks is very small, then it would 
be very difficult to measure their angles directly. In such cases, X, Y and 
Z co-ordinates at two points on the track are measured and 9p and 9^ are 
calculated using the following expressions: 
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9p = tarr^{^) 2.4 
e, = tan-\§) 2.5 
It should be noted that the dip angle, 9d~ in the unprocessed emulsion is 
calculated from: 
d^ = t a r r ' ( ^ 5 ^ ) 2.6 
where S.F. is the shrinkage factor, which is the ratio of the thicknesses of 
the unprocessed and the processed emulsion. The space angles of the tracks 
having smaller angular separations are calculated[l] using 
6s = cos-'[cos{tan-'{^)) * cos{tan-^{^^))] ....2.7 
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CHAPTER III 
Some interesting features of relativistic ^^0-nucleus col-
lisions 
3.1. Introduction 
High energy nuclear collisions are considered to be very complex due to 
their geometry and involvement of a relatively larger number of participating 
nucleons. Nevertheless, interest in the study of relativistic nucleus-nucleus 
collisions has recently increased manifold due to the realization that study 
of these collisions may provide an opportunity to examine the properties of 
quark-gluon plasma ( QGP ). It is envisaged that when QGP will be formed, 
the degrees of freedom of the new state of matter, quarks and gluons[l], will 
be in deconfined state. Based on well focussed and systematic observations 
on relativistic rmclear collisions, huge information on QGP formation have 
been obtained, which hint that the mechanism of QGP formation is quite 
complicated[2-4]. In investigating the salient features of this transient state 
of nuclear matter, study of the global observables such as the energy deposi-
tion, momentum spectra and multiplicity distributions of secondary particles, 
are likely to play a vital role[5-9] in understanding the mechanism involved. 
This chapter essentially deals with the results on some fascinating features of 
28 
relativistic nuclear interactions such as mean multiplicity, multiplicity distri-
bution, correlation amongst the secondary particles produced in 3.7A GeV/c 
'^O-nucleus collisions, etc. In order to compare the experimental results with 
those predicted by various models, similar data has also been generated us-
ing FRITIOF code. Furthermore, for examining the dependence of the above 
aspects on the incident energy and masses of projectile and target nuclei, the 
data on ^^C-nucleus at 4.5A GeV/c and ^*Si-nucleus interactions at 4.5A 
GeV/c as well as 14.5A GeV/c, available in our laboratory, are also carefully 
analysed. 
3.2. Mean multiplicity 
Mean multiplicities of various types of charged secondaries produced in '*"()-
nucleus interactions alongwith their values for ^*Si-nucleus and '^C-nucleus 
collisions at 4.5 GeV as well as ^**Si-nucleus interactions at 14.5 Ge\' per 
nucleon incident energy are listed in Table 3.1. It may be of interest to men-
tion that < n;, >, < TZg >, < n^ > and < rich > are observed to vary with the 
projectile mass, Ap, as: < n^ . > oc Ap"^, where x = b, g, s, ch and < rij- > de-
notes the mean multiplicity and ax is a constant to be determined using the 
relevant data. The values of a^ turn out to be Q;i=0.79±0.10, a;p=0.69±0.08, 
and as=0.21±0.06. The mean multiplicity of relativistic charged particles. 
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Table 3.1 
Mean multiplicities of various secondary particles. 
Energy 
per nucleon 
4.5 
4.5 
14.5 
3.7 
FRITIOF 
3.7 
Interaction 
type 
i^C-CNO 
^^C-Em. 
I'C-AgBr 
28Si-CNO 
2»Si-Em 
28Si-AgBr 
28Si-CNO 
2«Si-Em. 
^^Si-AgBr 
i^O-CNO 
^^0-Em. 
i^O-AgBr 
i^O-CNO 
i^O-Em. 
i^O-AgBr 
<nb > 
3.00 
±0.10 
7.37 
±0.02 
13.70 
±0.26 
2.93 
±0.07 
6.74 
±0.41 
13.31 
±0.30 
2.60 
±0.14 
6.37 
±0.34 
10.72 
±0.39 
2.77 
±0.14 
7.01 
±0.34 
12.22 
±0.34 
1.98 
±0.03 
2.83 
±0.02 
3.91 
±0.15 
< rig > 
1.57 
±0.07 
5.51 
±0.21 
5.94 
±0.35 
1.53 
±0.06 
8.43 
±0.15 
7.38 
±0.30 
1.67 
±0.11 
8.24 
±0.21 
5.94 
±0.35 
1.40 
±0.11 
4.39 
±0.27 
7.92 
±0.38 
2.535 
±0.06 
4.76 
±0.03 
8.16 
±0.16 
< n , > 
4.98 
±0.22 
6.91 
±0.19 
8.87 
±0.26 
7.84 
±0.35 
13.26 
±0.45 
17.09 
±0.58 
11.99 
±0.71 
15.07 
±1.04 
19.37 
±1.02 
8.88 
±0.52 
12.76 
±0.50 
17.88 
±0.69 
7.35 
±0.15 
10.99 
±0.05 
11.94 
±0.23 
< rich > 
9.55 
±0.26 
19.78 
±0.51 
28.76 
±0.61 
12.30 
±0.36 
24.85 
±0.62 
37.79 
±0.95 
16.26 
±0.69 
29.06 
±1.35 
36.03 
±1.80 
13.93 
±1.01 
24.34 
±1.00 
38.75 
±0.94 
11.93 
±0.25 
18.42 
±0.12 
24.75 
±0.56 
Ref. i 
1 
25 > 
25 
25 
Present work 
Present work 
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< rig >, is found to increase rapidly with the projectile mass.This trend, in-
cidentally, is compatible with the predictions of the superposition models[19-
20]. 
From Table 3.1 it is seen that the value of the mean multiplicity of relativistic 
charged particles, < Ug >, increases with increasing projectile energy. The 
mean multiplicity of grey particles, <ng>, also shows up increasing trend 
with increasing mass as well as energy of the projectile. However, the mean 
multiplicity of black tracks, <nh>, does not exhibit any particular trend. 
On the other hand, the value of the mean multiplicity of charged particles. 
< rich > is observed to increase with increasing mass as well as energy of the 
projectile. In Table 3.1 the corresponding values oi < rib >, < rig >, < ris > 
and < rich > for the FRITIOF data are also presented. 
3.3. Integral frequency distribution of heavily ionizing 
particles 
Displayed in Fig. 3.1(a) and 3.1(b) are the integral frequency distributions 
of heavily ionizing particles produced in 3.7A GeV/c '^0-nucleus collisions 
and the FRITIOF events. It may be mentioned that the integral frequency 
distribution is nicely fitted by four discernible straight line segments. Similar 
trends have also been observed by other workers[10-12]. It should be empha-
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Fig. 3.1 (a) IntecpBl frequency distribution of iieavily Ionizing particles in 
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Fig. 3.1 (b) Integral frequency distribution of heavily ionizing particles for the FRITIOF 
data. 
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sized that the different values of the slopes of these straight line segments 
may be interpreted as indications for the presence of different dynamical sce-
narios in relativistic nuclear collisions. The first line segment corresponds to 
the interactions due to light nuclei (H,C,N,0) besides the peripheral colli-
sions with heavy nuclei(Ag, Br). The second and the third line segments are 
due to the superposition between the peripheral and the central collisions 
due to heavy nuclei. The fourth line segment may arise due to the complete 
destruction of the heavier nuclei. 
3.4. Multiplicity correlations 
A study of the variation of the value of a physical quantity with the cor-
responding mean value of another physical quantity may turn out to be of 
much importance. Physical quantities considered in the present study are 
tlie multiplicities of various secondary particles. It may be emphasized that 
several workers[19,22-24] have attempted to examine the correlations of the 
type: n, < Uj >, where i, j = b, g, s and h with i / j , over a wide incident 
energy range involving different projectiles. In this section, results on vari-
ous types of multiplicity correlations amongst secondary particles produced 
in 3.7A GeV/c ^^0-emulsion interactions are given. Shown in Fig. 3.2(a-e) 
are the variations of < n^ >, x = b, g, c and h with n^. Least squares fittings 
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of the types < Uj > = a. + biij have been performed. The values of the slope 
'a' and intercept 'b' for various correlations satisfy the following relationships: 
< n, > = 6.90±1.11 + ( 0.88±0.10 )nb 
<ns> = 10.08±2.65 + ( 0.91±0.20 )ng 
<ns> = 5.38±1.17 + ( 0.65±0.06 )n,, 
<n,> = 1.99±1.12 + ( 0.32±0.04 )nc 
<ng> = 0.55±0.65 + ( 0.58±0.50 )nb 
3.5. Multiplicity distribution 
Study of multiplicity distributions of secondary charged particles is consid-
ered to be of much interest in understanding the mechanism of nmltiparticle 
production in relativistic nuclear collisions. Distributions of the multiplicity 
of relativistic charged particles and compound multiplicity, nc(=n,-!-ns ), are 
displayed in Figs 3.3 and 3.4, From these figures it is clear that the shapes 
of n^ . and n^  distributions are reproduced reasonably well by the negative 
binomial distribution ( NBD )[21] having the form: 
p{n,n,k) = k(k + l) (A: + n - l ) ( X ) " ( ^ ) ' -[3.1] 
where n and n represent respectively the multiplicity and mean multiplicity: 
0.20 
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'0-AgBr Experimental 
FRITIOF 
-NBD 
40 
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Fig, 3.3 Multiplicity distributions of relativistic charged 
particles produced in 3.7A GeV/c ^^O-nucleus 
interactions. 
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a 
the value of k is determined from 
i + i = (5M)2 [3.2] 
It is noticed from Figs 3.3 and 3.4 that an increase in the target size does not 
lead to any significant change in the shapes of the distributions for CNO and 
emulsion groups of target nuclei. Neverthless, for Ag and Br targets, both 
n,. and n^  distributions tend to become relatively broader in comparison to 
the distributions for the other two classes of collisions. It is further seen that 
the shapes of the distributions for the simulated data are nearly similar. The 
estimated values of n, k and x'^/DF. for the NBD fits, obtained using the 
CERN standard program, MINUIT, are given in Table 3.2. The experimental 
values of < ris > and < ric > are also presented in the same table. 
a 
Table 3.2 
Values of < n >, k, n and x'^/D-F- for NBD fits for iij and nc distributions. 
" s 
ric 
Interaction 
^^O-CNO 
'^0-Emulsion 
i^O-AgBr 
i^O-CNO 
'*^0-Emulsion 
i^O-AgBr 
< n > 
8.88±0.52 
12.76±0.50 
17.88±0.69 
10.53±0.55 
17.23±0.72 
25.18±0.95 
n 
9.87±2.61 
12.47±2.68 
17.65±3.86 
10.78±2.08 
16.93±4.53 
28.26±2.3 
k 
2.81±1.97 
1.91±1.38 
1.27±0.25 
4.37±3.23 
1.71±0.93 
1.61±0.10 
XVD.F. 
1.41 
1.18 
0.83 
0.67 
0.75 
2.30 
4 1 
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C H A P T E R IV 
Angular characteristics of relativistic charged particles 
produced in 3.7A GeV/c ^^0-nucleus interactions 
4.1 Introduction 
Study of the angular characteristics of relativistic charged particles produced 
in nucleus-nucleus collisions at very high energies is envisaged to yield some 
useful and significant information about the dynamics of multiparticle pro-
duction in such collisions[l-2]. Experimental results on the angular char-
acteristics, such as pseudorapidity of relativistic charged particles may be 
compared with the corresponding results predicted by various models on 
nucleus-nucleus interactions. This, in turn, may allow one to draw definite 
conclusions regarding the mechanism of production of these particles . 
In this chapter, results on some salient features of angular characteristics of 
relativistic charged particles are presented. Furthermore, cluster formation 
and the dependence of the cluster size on the mass of the struck nuclei and 
iij. are studied and the results are presented in the same chapter. 
Pseudorapidity distribution of relativistic charged particles is regarded as one 
of the most important aspect of high energy collisions and is believed to yield 
invaluable information about the mechanism of particle production in these 
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collisions. It may be mentioned that the rapidity variable, y, defined as y= 
^/n|^^^'|, where E and p; denote respectively the total energy and longitudi-
nal momentum of a particle, is of particular interest. It is worthmentioning 
that in nutlear emulsion experiments, rapidities of charged particles can not 
be measured directly and hence pseudorapidity variable, 77 , which is almost 
Lorentz invariant, is instead measured. For a relativistic particle, the mo-
mentum and the total energy are essentially the same. Hence pseudorapidity, 
7/ , may be expressed as 77 = -In tan ( |) , where 9 is the angle made by a 
relativistic charged particle with the mean direction of the incident beam. 
4.2 Pseudorapidity distribution 
Shown in Fig. 4.1 are the distributions of the normalized pseudorapid-
ity, ij^j"), of relativistic charged particles produced in 3.7A GeV/c ^^0-
CNO,'^0-emulsion and '^0-AgBr; the corresponding distributions for the 
FRITIOF data are also displayed in the same figure. It may be interesting 
to mention that T] distributions of relativistic charged particles produced in 
hadron-hadron, hadron-nucleus and nucleus-nucleus collisions over a wide in-
cident energy range are nicely fitted[3] by the Gaussian distribution. This 
fact is clearly reflected in Fig. 4.1. In the present study too, the experimen-
tal Tj distributions follow Gaussian distribution: curves in the figure are the 
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Gaussian fits to the data. 
4.3 Shower width distribution 
The distribution of the shower widths for the experimental and simulated 
data are plotted in Fig. 4.2; shower width, R{ri), is defined[4]as R{T]) -
Vmax - Vmin, where the ri^ax and r/„„„ represent respectively the maximum 
and minimum values of the pseudorapidity variable. Distinct peaks are ob-
served in the central regions of the rapidity width distributions indicating 
thereby that a majority of the particles are produced having rapidities lying 
in the mid-rapidity regions. 
4.4 Clusterization of relativistic charged particles in A-A 
collision 
It is commonly believed[5-9] that relativistic particles in hadronic and nuclear 
collisions at high energies are produced via the formation of some intervening 
states, such as fireballs, nova, clusters, etc. It has been reported by a number 
of workers[10-12] that in relativistic h-h and h-A collisions, clusters of differ-
ent sizes are formed, which in turn decay to real physical particles. Based on 
the study of cluster formation in high energy h-h and h-A collisions, it has 
also been reported [7,12-16] that there may be several clusters present in an 
interaction. The cluster size has been observed to depend on the number of 
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relativistic charged particles produced in the collisions, Ug. However, a very 
few atteinpts[5-6] have been made so far to examine the characteristics of 
clusters in relativistic nucleus-nucleus collisions. 
It may be stressed that the phenomena of clusterization and correlation 
amongst the relativistic charged particles may be investigated by examining 
the salient features of rapidity and rapidity spacing spectra in the framework 
of multiperipheral cluster model[17]. An attempt is, therefore, made to ad-
equately address the problem of correlation and clusterization in relativistic 
nuclear collisions by studying the various characteristics of the rapidity and 
rapidity gap distributions. 
4.4.1 Variations of << 77 >> and < D(r]) > with n^ 
It has been suggested[18] that information about the formation of clusters 
may be disentangled by studying the behaviour of the dispersion of r/ distri-
bution, D{ri)=[< rf >-< Tj >^]^. The values of < r; > and D{r)) of relativistic 
charged particles are calculated for each event. Further, the average values 
of < 7; > and D{rj) for all the events having the same value of n^  are then 
determined, which are represented by << r/ >> and D{rj) respectively. Dis-
played in Figs. 4.3 and 4.4 respectively are the variations of < < r/ >> and 
< D{ri) > with n^. 
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4.4.2 D(77) distribution of relativistic charged particles 
Useful information about the tendency of clusterization amongst relativistic 
charged particles produced in relativistic nuclear collisions may be disentan-
gled by investigating the dispersion of r/ distribution for each event separately. 
Exhibited in Fig. 4.5 are the D(r;) distributions for the experimental as well 
as simulated data. Clear and discernible peaks are observed in the central 
part of the D{r)) distributions indicating thereby the occurrence of clustetrs. 
4.5 Cluster formation in relativistic A-A collisions 
Several workers[4-9] have studied the emission characteristics of particles 
produced in high energy hadronic and nuclear interactions. The idea of 
particle production through the decay of clusters has gained a good degree 
of acceptability[19,22-25]. Many attempts[4,11-13 and references therein] 
have been made to study the characteristics of clusters produced in h-h and 
h-A collisions at widely different incident energies. However, only a few 
attempts[5-6] have been made to investigate the occurrence of cluster forma-
tion in relativistic A-A collisions. 
4.5.1 Cluster size dependence on target mass 
Information about the formation of clusters in high energy collisions may be 
obtained by examining the behaviour of the rapidity gap distributions be-
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tweeii the n*'' nearest neighbours[ll-15,24-25]. For this purpose, relativistic 
charged particles produced in each event are arranged in the increasing or 
decreasing order of their pseudorapidity values and the rapidity differences 
between two consecutive values and alternate values are determined. It must 
be emphasized that n-particle correlations may be investigated by plotting 
the distributions of the rapidity gaps between the n"^  nearest neighbours. 
For explaining the clustering effect, a model was proposed by Snider[19], 
which is essentially a two-channel generalisation of the Chew-Pignotti nnil-
tiperipheral model[23]; Snider model visualizes the rapidity gap distribution 
to have the following form: 
^ = Aexp{-Br)+Cexp(-Dr) [4,1] 
where A,B,C and D are constants and ^ represents the cluster density. In 
the above expression r denotes the rapidity gap between the n*'* nearest 
neighbours. The first and the second terms of Eq. 4,1 represent respectively 
the short-range and long-range correlations. Furthermore, the values of the 
slope parameters B and D would pro\'ide information about the cluster size 
and cluster density, 
Exhibitted in Fig, 4,6 are the rapidity gap distributions between two con-
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secutive particles for the interactions due to CNO, AgBr and emulsion tar-
gets. The existence of sharp peaks at relatively smaller values of the rapidity 
gaps, r, for all the three kinds of interactions indicates the occurrence of 
two-particle correlation. Three-particle rapidity gap distributions for CNO. 
AgBr and emulsion targets are plotted in Fig. 4.7; clear peaks occur at 
comparatively smaller values of r, indicating the presence of three-particle 
correlations. The solid curves in each figure represent the best fits to the 
data obtained using Eq. 4.1. Values of the parameters A, B, C and D, ob-
tained for these distributions alongwith the corresponding values of x^/D.F. 
for each fit, are given in Table 4.1; these fits are carried out using the CERN 
standard program MINUIT and errors are estimated as given in MINOS. 
The two broken lines in each figure represent the contributions of the two 
exponential terms appearing in Eq. 4.1. The values of the constants A, B, 
C and D for different targets and for p-nucleon and p-nucleus collisions at 
400 GeV/c are also given in the same table for comparing the results of the 
present study. 
From Table 4.1, it may be noted that the value of the parameter B, whicli 
represents the strength of a particular correlation, decreases with increasing 
cluster size. On the other hand, the value of D remains essentially unchanged 
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Table 4.1 
Values of the constants appearing in Eq.4.1 for 3.7A GeV/c ^^0-nucleus, 
400 GeV p-nucleon and 400 GeV p-nucleus interactions. 
Nature of 
Correlation 
0-Em 
Two-particle 
Three-particle 
0-AgBr 
Two-particle 
Three-particle 
0-CNO 
Two-particle 
Three-particle 
p-nucleon 
Two-particle 
Three-particle 
p-nucleus 
Two-particle 
Three-particle 
A 
4.30±0.50 
2.48±0.28 
5.55±0.73 
2.37±0.40 
2.25±0.052 
2.28±0.37 
4.80±0.79 
2.50±0.65 
4.30±1.00 
3.95±0.0o 
B 
6.33±0.59 
5.03±0.30 
6.86±0.58 
5.40±0.50 
6.49±0.94 
4.70±0.60 
5.50±0.81 
3.00±0.51 
4.42±1.12 
2.95±1.01 
C 
0.91±0.33 
0.28±0.02 
0.74±0.05 
0.40±0.06 
0.35±0.07 
0.38±0.04 
0.15±0.02 
0.11±0.07 
0.07±0.03 
0.10±0.07 
D 
2.29±0.02 
1.98±0.01 
2.41±0.04 
2.05±0.02 
2.27±0.04 
2.01±0.05 
1.00±0.06 
0.85±0.14 
1.00±0.25 
0.85±0.14 
XVD-F. 
0.52 
0.48 
0.16 
0.27 
0.23 
0.39 
1.23 
0.09 
0.05 
0.06 
6 1 
irrespective of the number of particles constituting a cluster. It is of par-
ticular interest to mention that the observed approximate constancy of D 
against the number of particles constituting a cluster supports the idea of 
independent particle emission. However, the values of B and D for p-nucleon, 
p-nucleus and nucleus-nucleus collisions are found to be practically the same. 
But the values of these parameters have been reported [11-12] to be insen-
sitive to the projectile energy for both h-h and h-A collisions in the energy 
range ~ (50-1000) GeV. 
4.5.2 Cluster size dependence on n^ 
In order to study the cluster size dependence on Us, the data sample on 
3.7A GeV/c ^^0-emulsion interactions is divided into three different groups, 
namely, (i) n^  < 10, (ii) 10 < ns < 20 and (iii) n^  > 21 
Rapidity gap distributions between two and three consecutive particles in 
different n^  intervals are plotted respectively in Figs. 4.8 and 4.9. It may be 
pointed out that the occurrence of discernible peaks in these distributions 
at relatively smaller values of the rapidity gap, r, in Fig. 4.8 indicates the 
existence of two-particle correlation; solid curves in the figure are obtained 
using Eq. 4.1 and the broken lines represent the two terms occurring in this 
equation. In Fig. 4.8, the broken line shows the short range correlation 
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which nearly coincides with the soUd curves at lower values of r for the above 
three groups of interactions. It is seen that the short-range correlation plays 
a predominant role in comparison to the long-range correlation. The values 
of the constants A, B, C, D and x^/D-F. are listed in Table 4.2. It may 
be noted from Table 4.2 that the value of D is essentially the same for the 
interactions characterized by three n^ . intervals. The approximate constancy 
of the value of D reveals that the particles are produced independently. How-
ever the value of B is observed to increase with increasing n^. 
4.5.3 Minimum rapidity gap distribution 
Decay of clusters produces particles, which lying closer to each other in the 
rapidity space. It was proposed[20] that the rapidity gap separation between 
two adjacent particles coming from the decay of a cluster should be< 0.1. 
Hence by evaluating the minimum rapidity gaps between the nearest neigh-
bours for each event and by examining the behaviour of the minimum rapidity 
gap distributions, useful conclusions regarding the mechanism of cluster pro-
duction may be drawn. Shown in Fig. 4.10 is the minimum rapidity gap 
distribution for two consecutive relativistic charged particles. One may no-
tice from the figure that sharp peaks do occur at relatively smaller values of 
rapidity gaps characterized by 0 < r, < 1, indicating thereby that majority 
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Table 4.2 
Values of the constants appearing in Eq. 4.1 obtained for 3.7A GeV/c '^O-
nucleus interactions. 
Nature of 
Correlation 
Us <10 
Two-particle 
Three-particle 
9< n, <21 
Two-particle 
Three-particle 
Us >20 
Two-particle 
Three-particle 
A 
2.50±0.23 
1.80±0.16 
3.73±0.18 
4.25±0.28 
5.98±0.34 
2.12±0.30 
B 
4.60±0.55 
3.87±0.26 
5.59±0.20 
3.33±0.15 
7.37±0.21 
4.91±0.09 
C 
0.33±0.02 
0.28±0.01 
0.34±0.07 
0.25±0.07 
0.52±0.02 
0.24±0.01 
D 
1.50±0.34 
1.27±0.50 
1.87±0.06 
1.69±0.13 
1.02±0.32 
1.52±0.10 
XVD-F. 
0.16-
0.16-
0.153-
0.134-
0.078-
0.36-
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of the events have rapidity gap separations, r, < 1 between the rapidities 
of two adjacent particles. Furthermore, the probability of events in the re-
gion around the lowest r„(i„ value, that is, Vmin <0.1 is comparatively larger 
than that those expected on the basis of multiperipheral cluster model[r7]. 
Furthermore, the probability of events in each r^j^-interval decreases rapidly 
with increasing r^j^ than that expected on the basis of the predictions of 
the model. It may also be concluded from the figure that most of the events 
have Tmin ^ 0.1, which is the most probable separation between the parti-
cles coming from the same cluster[19-20]. It may, therefore, be stressed that 
majority of the interactions considered in the present study possess at least 
one cluster. 
4.5.4 Distributions of long-gaps and short-gaps 
As remarked earlier, secondary particles arising [19,20] as a result of the de-
cay of a cluster must lie closer to each other in the rapidity space. According 
to Snider model[20], the rapidity space between the two adjacent particles, 
which are the decay products of a single cluster, should satisfy the condition 
Ti < 0.1. This usually defines the short gap. Thus one may expect two con-
secutive short gaps if a cluster consists of three relativistic charged particles. 
To confirm the validity of this idea, the distribution of the rapidity gaps r^+i, 
68 
Vi < 0.1, are plotted in Fig. 4.11. The presence of a sharp peak around a 
relatively lower value of r^ +i indicates that the probability of occurrence of a 
short gap after a short gap is much higher than the probability of occurrence 
of a long gap defined as; 0.8 < r, < 1.0, after a short gap. The ratio of the 
numbers of the short gaps and the long gaps is found to be ~ 10. It should 
be stressed that the long gap is visualized to be the separation between the 
two particles coming from two different clusters. 
For examining the long gap-short gap and long gap-long gap correlations, 
the distribution of the gaps next to the long gaps are plotted in Fig. 4.11 
by broken lines. It may be noticed from the figure that for large values of 
rj+i, the distribution of the gaps next to the long gaps is relatively broader 
in comparison to the distribution of the gaps next to the short gaps, whereas 
for small values of r^ .,.!, the distribution tends to become less broader. It is 
also observed that occurrence of a short gap next to a long gap is about five 
times higher than that of the long gaps next to long gaps. The results thus, 
hint that short-short correlation predominates over the long-short correla-
tions by a factor ~ 2. The effect of long-long correlation is, however, slightly 
pronounced in the short-long correlation in the region of large values of rj_^|. 
Based on the results obtained in the present study, it may be concluded that: 
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(i) a cluster on the average comprises of at least three relativistic charged 
particles and 
(ii) there might be several clusters in an interaction. Incidentally, the findings 
of the present study are in accord with the results reported earlier[4,ll,26]. 
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CHAPTER V 
Summary and Conclusions 
As stated earlier, with the advent of heavy-ion accelerators, physics sce-
nario on heavy-ion physics has substantially changed. There are a variety 
of reasons to believe that in nuclear collisions at RHIC and LHC energies, a 
condition might be reached under which a phase transition from the normal 
nuclear matter to QGP may take place. There are many results hinting that 
information about QGP formation may be disentangled at RHIC energies 
in the near future by studying the various characteristics of the proposed 
signatures of QGP production. 
To be able to search for the evidence of the formation of QGP in relativis-
tic heavy-ion collisions, a clear understanding of the emission characteristics 
of different secondaries in such collisions is of particular importance. It is 
perhaps due to the fact that the study of the emission characteristics of the 
produced particles may provide some useful and detailed information about 
the conditions prevailing during the collisions. It was, therefore, considered 
worthwhile to investigate various emission characteristics of secondary parti-
cles produced in nuclear collisions at relativistic energies. For this purpose, 
a stack of emulsion, exposed to 3.7A GeV/c Oxygen beam, has been used. 
M I** 
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In order to examine the dependence of various aspects of rnultiparticle pro-
duction in nuclear collisions at high energies on the energy and mass of the 
projectile nuclei, the results reported by other workers on 4.5A GeV/c '^^ Si-
and ''^C-nucleus interactions and 14.5A GeV/c '^ **Si-nucleus interactions are 
critically examined. 
Mean multiplicities of different types of secondary particles produced 
in nuclear collisions at various energies are determined. It should be em-
phasized that the mean multiplicity of relativistic charged particles. < Ug >, 
which is of much significance, is observed to strongly depend on the masses 
of the projectile and the target nuclei; < n^ > is also observed to increase 
rapidly with the incident energy, whereas the values of < n/, > and < rig >, 
within error limits, are found to be essentially insensitive to the projectile en-
ergy. It may be interesting to mention that the values of < n;, > and < rig > 
depend on the mass of the target nuclei. Further, the mean multiplicity of 
the total charged particles, < rich >, is found to depend on the product of 
masses of the colliding nuclei, ApAj. This is perhaps related to the fact that 
the overlap area of the two colliding nuclei increases with increasing sizes of 
the nuclei. 
The integral frequency distribution of the heavily ionizing particles, 
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< Tih >, consists of different straight line segments. Incidentally, different 
values of the slopes of these segments may be interpreted as an indication of 
the involvement of different collision dynamics in relativistic nucleus-nucleus 
collisions. It may be emphasized that the first line segment corresponds to 
the interactions due to light nuclei(H, C, N and O) as well as the peripheral 
collisions due to heavier nuclei, AgBr. The second and the third line seg-
ments are believed to arise due to the superposition of the peripheral and 
the central collisions due to Ag and Br targets. The fourth line segment may 
be interpreted as due to the complete destruction of the target nuclei. 
The multiplicity distribution of relativistic charged particles is ob-
served to depend on the target mass: the distribution, as expected, are 
broader for the heavier targets as compared to the corresponding distribu-
tions for the lighter ones. 
Distributions of multiplicities of relativistic charged particles, n^, and com-
pound multiplicity, nc, for the experimental and Monte Carlo generated data 
are observed to follow negative binomial distribution. On the other hand, 
pseudorapidity distributions of relativistic charged particles are observed to 
follow Gaussian distribution. 
As already pointed out earlier, dispersion of rapidity distribution, 
^' P5~3107 > J 7 7 )• 
•c 
B{r}), is a measure of clusten^fitijj^-among.^tJJ^relativistic charged parti-
cles produced in individual events. Study of the variations of << 77 > > and 
< D{T)) > with Uj, clearly hints towards the occurrence of clusterization in 
3.7A GeV/c ^^0-nucleus collisions. This result, incidentally, is in fine accord 
with the prediction of the rrmltiperipheral cluster model. 
The distribution of shower widths, R{r]), has a clear and distinct peak 
in the mid shower-width region; the shape of the R{T]) distribution for the 
FRITIOF data is similar to the experimental distribution. 
Particle production through tlie decay of clusters envisaged to be 
formed in high-energy nuclear collisions is investigated using the minimum 
rapidity gap distribution. From the study of the minimum rapidity gap dis-
tribution it is found that about 90% of the interactions possess at least a 
cluster comprising of two relativistic charged particles. It may be stressed 
that the study of the D(r/) distribution also supports the idea of particle pro-
duction through the decay of clusters. It is of particular interest to mention 
that the events having D(//)< 0.9 produce isotropic clusters. 
Particle production through the decay of clusters have also been inves-
tigated by examining the behaviour of the rapidity-gap distributions between 
the n*'' nearest neighbours. It has been observed that the maximum num-
78 
ber of relativistic charged particles comprising a cluster may be three. This 
number is observed to remain essentially insensitive to the mass of the struck 
nuclei. However, the size of the clusters depends on the value of n^. 
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